
The nucleation effect of 6 pigment dyes, namely: C.I. Pigment Yellow 83, Red 48,
Blue 15, Violet19, Black 7 and White 6 on the microstructure of mass dyed BCF
polypropylene i.e., crystallization temperature, melting point, percentage crystallini-

ty, and birefringence  has been studied by means of polarizing light microscope, DSC and
FTIR. Tenacity and thermal shrinkage have also been studied. The results indicated that
Yellow 83, Blue 15 and Black 7 act as monoclinic nucleating agents, whereas Violet19
and White 6 act as hexagonal nucleating agents. The nucleation effect of Red 48 seems
to be negligible. Depending on the type of nucleation, the above mentioned parameters
characterizing the microstructure of the fibres are affected. The birefringence of all
coloured polypropylene fibres decreased as a result of pigment dyes added to the fibres.
This leads to a reduction of the tenacity and thermal shrinkage of mass dyed BCF yarns.
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Due to properties such as low pro-
duction cost and energy consump-
tion, ease of processing and recy-
cling and excellent chemical resist-
ance, polypropylene fibres have
found extensive use as home, indus-
trial and automotive textiles [1].

Polypropylene can be produced in
isotactic, atactic and syndiotactic
forms, from which only the isotactic
form with a semicrystalline struc-
ture has the right properties for fibre
production. Isotactic polypropylene,
which is produced by the polymer-
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ization of propylene in the presence of Ziegler-Natta
catalyst [1], crystallizes in monoclinic (α-phase),
hexagonal (β-phase) and triclinic (δ-phase) forms. The
monoclinic is stable at room temperature. The hexago-
nal form which appears in cold conditions, changes to
monoclinic form easily.  The hexagonal is also formed
in polypropylene copolymers and in the presence of
nucleating additives. J. Breda et al. [2, 3] have reported
that with take-up speeds higher than 1350 m/min, any
hexagonal form polypropylene will be replaced by
monoclinic. The triclinic polypropylene with low sta-
bility is formed by crystallization at low quenching rate
and high pressure [4].  

Since the intermolecular attraction in polypropy-
lene is limited to van der Waals forces, to ensure suit-
able physical properties, a relatively higher molecular
weight (200,000-350,000) must be chosen for the fibre
[1]. Due to the absence of suitable polar groups in its
chemical structure, the unmodified polypropylene fibre
cannot be dyed properly like other fibres.  For this rea-
son, mass dyeing (dope dyeing) is the only means for
producing coloured polypropylene fibres. In mass dye-
ing, pigment dyes in the form of a master batch are
mixed thoroughly with the molten polymer in the
extruder.  This colouration technique leads to very good
overall fastness for polypropylene fibre. Pigment dyes
may be organic or inorganic. Organic pigments have a
higher colour strength, but a lower heat resistance in
comparison to those of inorganic types. Chemical
structure as well as particle size play important role in
the shade, strength and brilliancy of pigment dyes [5]. 

The morphology (crystallinity and orientation) of
polypropylene fibres is determined by the extrusion
temperature, spinning speed, quenching conditions and
the draw ratio applied during subsequent drawing.
Crystallites known as spherulites are formed by the
action of nucleating agents in nucleation process (for-
mation of a nucleus) and the subsequent growth of
lamella around it. Parallel molecular chains act as pri-
mary nucleating agent. Some additives as well as pig-
ment dyes can also show nucleation properties; in other
words act as nucleating agents and lead to crystalliza-
tion occurring at higher temperatures [6-8] and the for-
mation of a higher number of smaller spherulites. As
the number of crystallization nuclei increases, so does
the crystallization speed, the final percentage crys-
tallinity and the number of spherulites [9, 12].  

Controlling the crystallization in polymers with the
help of nucleating agents has been investigated by
many researchers [8,13,15]. Aromatic and aliphatic
carboxylic acids, carbon black, kaolin, titanium diox-
ide, polydimethylstyrene, polyallyl xylene and alumini-
um, potassium, sodium and magnesium salts have been
reported to act as nucleating agents for polypropylene
[4]. Nucleating agents may be solids, liquids or gases.
As an example, dispersed glycerine droplets and air
bubbles can act as nucleating agents for polypropylene
[9, 10]. It must be pointed out that the nucleation mech-
anism has not been very well understood yet. In
polynucleation more than one nucleating agent is
employed. This leads to a synergism effect for the
nucleation. Some additives may act as nucleating agent
for some systems and not for others. As an example,
titanium dioxide acts as nucleating agent for
polypropylene but not for polyethylene. Potassium
stearate acts in the opposite way [13].

The following characteristics are necessary for the
nucleating agents to act properly:

- Ability to lower the free surface energy between
the polymers and additives. 

- Insolubility in polymer and non-volatility.
- Higher melting point than polymer.
- Particle size between 1-10 micron.
- High dispersion homogeneity.
- Similar crystalline structure as polymer.
Morphi et al. showed that increasing the amount of

titanium dioxide up to 0.5% as nucleating agent leads
to a decrease in spherulite size of polypropylene [7].
Cramez et al. reported that some pigments can act as
nucleating agent in polypropylene [16]. Zhu et al.
reported that solid polypropylene can act as nucleating
agent in molten polypropylene. This phenomenon is
called “self-nucleation” [17]. J. Breda  Showed that
using a nucleating agent leads to the formation of
hexagonal spherulites (melting point = 152oC), which
change to monoclinic (melting point = 165oC) during
heat treatment [3]. The same author showed that
phthalocyanine based pigments act as nucleating agents
for polypropylene, leading to the formation of mono-
clinic form, while quinacrydine leads to hexagonal
form. He also showed that as the spinning speed
increased, there was more monoclinic and less hexago-
nal crystals produced. Then, he concluded that at high
spinning speeds crystallization is mainly determined by
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primary nucleation and nucleating agents play a lesser
important role. Finally, J. Breda believes that in the
absence of additives as nucleating agents, the oriented
chain molecules act as nucleating agent [2, 3]  

As literature review show a rather limited informa-
tion exists on the nucleation effect of pigment dyes and
most researchers have mainly concentrated on the
nucleation of non-polypropylene fibres. Therefore, it is
the aim of this research to carry out a thorough study on
the nucleation effect of pigment dyes on the
microstructure of coloured polypropylene fibers.

EXPERIMENTAL

Materials
In this research, polypropylene granulate from Tabriz
Petrochemicals Co was used. The MFI value and melt-
ing point of these granulates were 16 and 170oC,
respectively. The pigment dyes used were as follows:

C.I. Pigment Yellow 83 
C.I. Pigment Red 48 
C.I. Pigment Blue 15
C.I. Pigment Violet19 
C.I. Pigment Black 7 
C.I. Pigment White 6 

Equipment
The equipment used in this research was as follows:

- Twin screw extruder (46 mm diameter, L/D = 44,
Frester, Japan) for the production of master batch. 

- Pilot spin-draw-texture (bulked continuous fila-
ment = BCF) line with a single screw extruder and two
spinnerets each having 120 trilobal orifices. 

- Polarizing light microscope with compensating
system (Carl-Zeiss).

- Differential scanning calorimetry (DSC) (Perkin
Elmer).

- Manual press for the preparation of samples for
FTIR . 

- BOMEM (MB100) FTIR Spectroscope (Braun
and Hartmann) for measuring the percentage crys-
tallinity of the samples. 

- Zwick tensometer (Model 1446) based on CRE
method for measuring the tenacity of the samples. 

- Testrite thermal shrinkage oven for measuring the
thermal shrinkage of  fibres.  

Sample Production
Master batch samples which consisted of 65%
polypropylene, 5% wax and 30% pigment dyes, were
produced with the help of Frester twin screw extruder. 

BCF yarns (1700 decitex and 120 filaments) with
2% pigment (relative to fibre weight) were produced
with the help of the pilot spin-draw-texture (BCF) line
with a speed of 1100 m/min. The temperature profile of
the 5 heating zones and the filter of the single screw
extruder was 205, 208, 212, 217, 222 and 228oC,
respectively. The spinning pack had a temperature of
238oC. Draw ratio in the drawing zone was 4.5. The
texturing conditions were as follows:

Hot air temperature: 130oC
Hot air pressure: 3 (bar = kgf/cm2) 

Methods
Nucleation studies were carried out by polarizing
microscope. For this analysis, the samples were dis-
solved in xylene at 125oC for 6 h. The solution was then
heated at 128oC for 10 min. A few drops of the solution
was laid on a glass, so that xylene evaporated and a thin
polymeric film was formed. This film was heated for
15 min at 195oC to melt and then cooled to 120oC to
crystallize for 30 min before the analysis started.
Photographs were taken by the camera mounted on the
microscope.

Melting and crystallization temperatures of the
samples were measured by DSC. For DSC analysis, the
samples of about 5 mg were left at 50oC for one min
and subsequently heated to 300oC with a rate of 20oC
per min. The samples were then cooled to room tem-
perature with the same rate.  

Percentage crystallinity of the BCF yarns for the
purpose of comparison was calculated by dividing the
crystalline peak intensity by the amorphous peak inten-
sity obtained from FTIR spectrum. The specimen was
prepared by mixing 1 part of the yarn in powder form
with 100 parts KBr in the form of a thin film.

Birefringence of the samples was measured by
compensation polarizing light microscope as follows:

The specimen was laid between the analyzer and
polarizer (perpendicular to each other) at 45 degrees
and the interfering lights were observed carefully. The
quartz blade was used for the determination of the order
of the colour due to phase lag. Finally, birefringence
was obtained by measuring the fibre thickness and
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using the information obtained from Michelle Levy
interfering colours’table.

Tenacity of yarns was measured by Zwick tensome-
ter according to ASTM: D2256-80. 30 Specimens were
chosen for this test.

The thermal shrinkage of fibres was measured by a
Testrite thermal shrinkage oven according to ASTM D
4974-93. 5 Specimens were chosen for this test[18].

RESULTS AND DISCUSSION

Spherullite Size and Form
Figure 1 shows the spherulites of uncoloured
polypropylene and Figures 2 - 7 show the spherulites of
coloured polypropylene. 

Figures 2, 3 and 4 show that C.I. Pigment Yellow
83, Black 7 and Blue15 reduce the size and increase the
number of spherulites in polypropylene. Attention is
drawn to the fact that the extent of the effect of each
pigment is somehow different i.e., Black 7 has a less
pronounced effect when compared with Yellow 83 and
Blue 15. 

Kargin et al. [10] and Rybnikar [13] have related
the reduction in size and the increase in the number of
spherulites, as a result of adding additives, to their
nucleating power, i.e. acting as crystallization nucleus.
The nucleation effect of carbon black and C.I. Pigment
Blue 15 has been reported by other researchers [3,4,6]. 

Figures 5-7 show that C.I. pigment Red 48, white 6
and Violet 19, in comparison to the other three pigment
dyes do not reduce the size of the spherulites, however,
they indicate a rather different spherulite form, when
compared with uncoloured polypropylene. For pigment

White 6, even a slight increase in the size of the
spherulites is observed. Similar results have also been
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Figure 1. Spherulites of uncoloured polypropylene.

Figure 2. Spherulites of coloured polypropylene (C.I.
Pigment Yellow 83, x200).

Figure 3. Spherulites of coloured polypropylene (C.I.
Pigment  Black 7, x200).

Figure 4. Spherulites of coloured polypropylene (C.I.
Pigment Blue 15, x200).



reported by Broda [3] and Beck [11]. J. Broda has relat-
ed this change to the formation of hexagonal crystalline
form [3]. 

This study has shown that as far as the nucle-
ation effect is concerned, pigment dyes act differ-
ently on polypropylene. Even, polypropylene from
different sources may not show a similar spherulitic
size and shape. This has also been observed by
Rybnikar [13]. 

Crystallization and Melting Point
Figures 8 -21 show the DSC thermograms (cooling and
heating) of uncoloured and coloured polypropylene
fibres. Table 1 shows the crystallization temperature
and melting points of uncoloured and coloured
polypropylene fibres obtained from these figures.  As it
can be seen, the pigment dyes affect the crystallization
temperature differently. In fact, those pigment dyes like
Yellow 83 and Blue 15 that act as stronger nucleating
agents would increase the crystallization temperature
of polypropylene fibres even more. Higher crystalliza-
tion temperature means, after leaving the spinneret,

A Study of the Nucleation Effect of Pigment Dyes on...Tavanai H. et al.

Iranian Polymer Journal / Volume 14 Number 3 (2005) 271

Figure 5. Spherulites of coloured polypropylene (C.I.
Pigment Red 48, x200).

Figure 6. Spherulites of coloured polypropylene (C.I.
Pigment Violet 19, x200).

Figure 7. Spherulites of coloured polypropylene (C.I.
Pigment White 6, x200).

Figure 8. Thermogram of uncoloured polypropylene (cool-
ing).

Figure 9. Thermogram of uncoloured polypropylene (heat-
ing).
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crystallization of the molten polymer starts at a higher
temperature, in other words, at a shorter distance from
the spinneret orifice. This affects the mechanical prop-
erties of fibres considerably. 

Figure 9 shows that polypropylene melts at 164oC.
Figures 13, 15 and 17 show Yellow 83, Black 7 and
Blue 15 behave rather similar to uncoloured polypropy-
lene, but as Table 1 shows, the Yellow 83 and Blue 15
increase the melting point of polypropylene by about
2.3 and 2.7oC, respectively, whereas, the Black 7
decreases the melting point by about 4oC. From Figures
11, 19 and 21 it can be seen that Red 48, Violet 19 and
White 6 show a different behaviour, in that a rather
sharp peak is not observed, but instead, two peaks with
a considerable range characterize this behaviour.
According to Table 1, the first peak of White 6 and
Violet 19 is considerably lower than 164oC, whereas,
their second peak is about 0.7oC lower than uncoloured
polypropylene. For Red 48, there is a shift of about 6-

7oC namely, 163 and 168.7oC for the first and second
peak, respectively.

Assuming that the characteristic sharp melting peak
indicates the absence of a two phase system in the fine
structure of polypropylene fibres, a monoclinic form is
assumed for uncoloured, Yellow 83, Blue 15 and Black
7 coloured polypropylene BCF fibre. It is also conclud-
ed that Yellow 83, Blue 15 and Black 7 have the abili-
ty to act as monoclinic (α) nucleating agent. This is in
accordance with the observations already made from
Figures 2-4.

For Violet 19, White 6 and Red 48, it is conclud-
ed that they act as a hexagonal (β) nucleating agent
and their employment in the molten polypropylene
brings about the formation of a two phase system
(hexagonal and monoclinic) for the mass dyed fibres
which shows two melting peaks as observed in
Figures 19 and 21. 

Figure 10. Thermogram of coloured polypropylene (C.I
Pigment Red 48) (cooling). Figure 12. Thermogram of coloured polypropylene (C.I.

Pigment Yellow 83) (cooling).

Figure 11. Thermogram of coloured polypropylene (C.I.
Pigment Red 48) (heating).

Figure 13. Thermogram of coloured polypropylene (C.I.
Pigment Yellow 83) (heating).



Percentage Crystallinity 
Table 2 shows the percentage crystallinity, amorphous
peak intensity and crystalline peak intensity of
uncoloured and mass dyed BCF polypropylene calcu-
lated from the FTIR spectra. As it can be seen, with the
exception of Red 48, all other pigment dyes, acting as
nucleating agent increase the percentage crystallinity of
the polypropylene fibres. As Red 48 reduces the per-
centage crystallinity slightly, it may be concluded that
the nucleation effect of Red 48 may be negligible.
Wlochowicz [6] believes that non-nucleating agents do
not have the ability to increase the orientation of
molecular chains and form lamella system.   

Birefringence
Table 3 shows the birefringence values of the BCF
fibres. As it can be seen the mass dyed fibres have a
lower birefringence value than the uncoloured fibre. It

is interesting to note that the effect on reducing the
birefringence value of pigments with monoclinic nucle-
ation capability, namely, Yellow 83, Blue 15 and Black
7 is more pronounced than the pigments with hexago-
nal nucleation capability. This may be due to the fact
that the pigments somehow put up some resistance
against the overall orientation. Generally speaking, the
reduction in birefringence of mass dyed fibres can be
related to the fact that, crystallization at higher temper-
ature means crystallization at lower stresses, and lower
stresses lead to a lower overall orientation.   

Tenacity
Table 4 shows that mass dyed fibres have a lower
tenacity than uncoloured fibre. It is pointed out that
tenacity is dependent on the percentage crystallinity
and the overall orientation of the fibre. Attention is
drawn to the fact that, apart from the morphology of
mass dyed fibres, the size and distribution of pigment
dyes in mass dyed fibres can affect their mechanical
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Table 1. Crystallization and melting points of uncoloured and coloured  BCF polypropylene fibres.

Melting point (oC) Starting crystallization

temperature (oC)

Crystallization

temperature peak (oC)
C.I. Pigment

Second peak First peak

160

163.3

163.3

166.3

166.7

168.7

164

-

156

157.3

-

-

163

-

109.5

109.5

111

116

120

106.5

107

100

101.3

100

104.7

114

98.7

95.4

C.I. P Black 7

C.I. P White 6

C.I. P Violet 19

C.I. P Yellow 83

C.I. P Blue 15

C.I. P Red 48

Uncoloured PP

Table 2. Percentage crystallinity, amorphous peak intensity

and crystalline peak intensity of uncoloured and coloured

BCF polypropylene.

C.I. Pigment
Crystalline

peak intensity

Amorphous

peak intensity

Crystallinity

(%)
Violet 19

Yellow 83

White 6

Blue 15

Black 7

Red 48

Uncoloured PP

0.039

0.072

0.054

0.070

0.042

0.029

0.028

0.044

0.082

0.062

0.080

0.049

0.035

0.033

88.14

87.92

87.06

86.72

85.81

83.12

84.78

Table 3. Birefringence of uncoloured and coloured BCF

polypropylene.

C.I. Pigment Birefringence

C.I. Pigment Yellow 83

C.I. Pigment Blue 15

C.I. Pigment Black 7

C.I. Pigment White 6

C.I. Pigment Violet 19

C.I. Pigment Red 48

Uncoloured PP

0.016

0.017

0.019

0.020

0.023

0.023

0.026



properties. From Tables 2-4, it can be concluded that
the reduction in overall orientation as a result of adding
pigment dyes has a more negative effect than the possi-
ble positive effect of the increase in crystallinity. 

Thermal Shrinkage
Table 5 shows the percentage shrinkage of BCF
polypropylene at 110, 120 and 130oC. As it can be seen
almost in all cases, pigment dyes reduce the thermal
shrinkage of fibres. This is in accordance with Gupta et
al. [19, 20], reporting that increase in crystallinity,
reduction in birefringence (lower overall orientation)
and less hexagonal form, lead to a lower thermal
shrinkage. The increase in crystallinity and reduction in
birefringence of mass dyed fibres have already been
discussed. Table 5 shows that Yellow 83, Blue 15 and
Black 7 with their monoclinic nucleation capability
reduce the thermal shrinkage of BCF fibres more than
Violet 19 and Red 48 with hexagonal nucleation capa-
bility. White 6 with hexagonal nucleation capability has
the biggest effect on the reduction of thermal shrink-
age. It is also obvious that at higher temperatures, the
shrinkage increases. This is due to the fact that, higher
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C.I. Pigment Tenacity (cN/tex)

C.I. Pigment Yellow 83

C.I. Pigment White 6

C.I. Pigment Black 7

C.I. Pigment Blue 15

C.I. Pigment violet 19

C.I. Pigment Red 48

Uncoloured PP

15.28(0.63)

15.98(1.30)

16.59(0.56)

17.23(0.86)

18.14(0.45)

18.86(1.37)

19.53(0.68)
N.B.: Numbers in the brackets show the standard deviation.

Table 4. Tenacity of uncoloured and coloured BCF

polypropylene.

Figure 15. Thermogram of coloured polypropylene (C.I.
Pigment Black 7) (heating).

Figure 14. Thermogram of coloured polypropylene (C.I.
Pigment Black 7) (cooling).

Figure 16. Thermogram of coloured polypropylene (C.I.
Pigment Blue 15) (cooling).

Figure 17. Thermogram of coloured polypropylene (C.I.
Pigment Blue 15) (heating).



relaxation temperatures provide higher amount of ener-
gy and hence more stress is relieved, i.e. higher shrink-
age [19, 20].

CONCLUSION

The results showed that 
- C.I. Pigment Yellow 83, Black 7 and Blue15 reduce
the size and increase the number of spherulites of the
polypropylene according to their nucleation capability.
C.I. pigment Red 48, White 6 and Violet 19 do not
reduce the size of the spherulites.

- Pigment dyes that act as a stronger nucleating
agents increase the crystallization temperature of
polypropylene fibres more. 

- C.I. Pigment Yellow 83, Blue 15 and Black 7 act
as monoclinic (α) nucleating agent. C.I. Pigment Violet
19, White 6 and Red 48 act as  hexagonal (β) nucleat-
ing agent and their presence in the molten polypropy-
lene leads to a two phase system.

- All pigment dyes with the exception of Red 48
increase the percentage crystallinity of the polypropy-
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Figure 19. Thermogram of coloured polypropylene (C.I.
Pigment Violet 19) (heating).

Figure 20. Thermogram of coloured polypropylene (C.I.
Pigment White 6) (cooling).

Figure 21. Thermogram of coloured polypropylene (C.I.
Pigment White 6) (heating).

Figure 18. Thermogram of coloured polypropylene (C.I.
Pigment violet 19) (cooling).

Table 5. Percentage thermal shrinkage of uncoloured and

coloured BCF polypropylene.

C.I. Pigment
110 120 130

(oC)

White 6

Black 7 

Yellow 83

Blue 15:3

Red 48

Violet 19

Uncoloured PP

0.00

0.00

0.27

0.30

0.40

0.55

0.48

0.20

0.37

1.30

1.50

1.80

2.15

2.21

0.90

1.41

1.80

2.30

3.13

3.86

4.70
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lene fibres. Red 48 reduces the percentage crystallinity
slightly.

- All pigment dyes lower the birefringence value of
the uncoloured fibre. Pigment dyes with monoclinic
nucleation capability, show a more pronounced effect
than the pigments with hexagonal nucleation capability.

- The reduction in overall orientation as a result of
adding pigment dyes to polypropylene fibres leads to a
lower tenacity for mass dyed fibres.

- Mass dyeing with pigment dyes reduces the ther-
mal shrinkage of fibers. As a result of higher crystllini-
ty and lower birefringence, mass dyeing leads to a
lower thermal shrinkage.
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